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administered	 a	 battery	 of	 neuropsychological	 tests	 at	 study	 baseline	 and	 at	 1	and	
5	years	 after	 study	entry	 that	 captured	 four	 areas	of	 cognitive	performance:	 visual	
memory,	auditory	memory,	emotion	processing,	and	fine	motor	dexterity.
Results:	Latent	growth	curve	modeling	showed	no	group	differences	in	the	slopes	of	
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1  | INTRODUCTION








ple	 of	 individuals	with	BD,	we	 found	 that	 those	with	BD	performed	
worse	 than	 unaffected	 healthy	 controls	 (HCs)	 in	 four	 different	 areas	
of	executive	functioning,4,15	consistent	with	prior	literature.16,17	In	the	
5-	year	 follow-	up	of	 the	 same	cohort,	 the	 linear	 change	on	measures	









of	 memory,	 emotion	 processing,	 and	 fine	 motor	 dexterity.	 These	
cognitive	 areas,	 particularly	 memory,	 may	 be	 more	 appropriate	 to	
examine	 in	 order	 to	 determine	 disease-	related	 progressive	 change,	
as	one	longitudinal	study	found	that	memory	was	the	only	cognitive	
area	subject	to	change	over	time	in	BD.3	Therefore,	our	main	objec-
tive	was	 to	 examine	 the	 longitudinal	 trajectory	 of	verbal	 and	visual	

















2  | MATERIALS AND METHODS
2.1 | Subjects
Participants	were	enrolled	in	the	Prechter	Longitudinal	Study	of	BD,	













year	 neuropsychological	 re-	testing	 and	 thus	 were	 included	 in	 this	
study’s	main	analyses.	Ninety-	one	of	 those	 individuals	had	BD	 (bi-






BD	 II,	 and	 one	BD	 I).	Notably,	 there	was	 no	 significant	 difference	
between	 these	 participants’	 baseline	 and	 5-	year	 neuropsychologi-
cal	 scores.	 Specific	 comparisons	 between	 those	with	 BD	 and	HCs	




Baseline 1 year 5 year
Bipolar n=90
 Healthy  
controls n=17 t P Effect sizec Bipolar n=90
Healthy  
controls n=17 t P Effect sizec Bipolar n=90
Healthy controls 
n=17 t P Effect sizec
Age 42.06	(11.30) 35.88	(15.48) −1.94 .06 0.46 – – – – – – – –
Education 15.53	(2.18) 16.71	(2.02) 2.05 .04 −0.56 – – – – – – – –
Gendera
%	female 74.40 76.50 0.03 .86 0.02 – – – – – – – –
Verbal	intelligenceb 12.49	(2.81) 13.18	(3.12) 0.91 .37 −0.23 – – – – – – – –
HRDS 8.23	(5.70) 1.97	(2.20) −4.45 <.001 1.45 7.74	(5.94) 1.60	(2.15) −4.20 <.001 1.37 7.54	(5.33) 1.00	(1.17) −5.02 <.001 1.69
YMRS 2.59	(3.47) 0.29	(0.59) −2.71 .01 0.92 2.64	(3.97) 0.86	(1.70) −1.65 .10 0.58 3.04	(3.75) 0.76	(1.52) −2.46 .02 0.80
Auditory	memory −0.36	(0.82) −0.22	(0.84) 0.62 .54 −0.17 −0.33	(0.86) 0.02	(1.06) 1.49 .14 −0.36 −0.27	(0.79) −0.05	(1.07) 1.00 .32 −0.23
Visual	memory −0.52	(1.17) 0.49	(1.10) 3.31 .001 −0.89 −0.23	(1.20) 0.61	(0.98) 2.72 .01 −0.77 0.19	(1.21) 1.14	(1.06) 3.02 .003 −0.84
Fine	motor −0.82	(1.02) 0.28	(0.78) 4.21 <.001 −1.21 −0.61	(1.10) 0.45	(0.91) 3.84 <.001 −1.05 −1.06	(1.16) 0.04	(0.93) 3.60 <.001 −1.04












































tests	 using	 conceptually	 and	 theoretically	 categorized	variables.38-41 
First,	all	scores	with	negative	scale	properties	were	inverted;	as	a	re-
sult,	 lower	 factor	scores	 reflect	poorer	performance.	Second,	a	con-
firmatory	 factor	 analysis	 with	 oblique	 rotation	 was	 computed	 with	
the	above	variables,	consistent	with	our	prior	study.20	The	four	latent	















correlation	 tests.	 AMOS	 22.043	 was	 used	 to	 run	 LGCM,	 which	 is	 a	
TABLE  1 Demographic	characteristics	and	cognitive	performance	factor	scores	for	the	bipolar	and	healthy	control	groups.
Baseline
Baseline 1 year 5 year
Bipolar n=90
 Healthy  
controls n=17 t P Effect sizec Bipolar n=90
Healthy  
controls n=17 t P Effect sizec Bipolar n=90
Healthy controls 
n=17 t P Effect sizec
Age 42.06	(11.30) 35.88	(15.48) −1.94 .06 0.46 – – – – – – – –
Education 15.53	(2.18) 16.71	(2.02) 2.05 .04 −0.56 – – – – – – – –
Gendera
%	female 74.40 76.50 0.03 .86 0.02 – – – – – – – –
Verbal	intelligenceb 12.49	(2.81) 13.18	(3.12) 0.91 .37 −0.23 – – – – – – – –
HRDS 8.23	(5.70) 1.97	(2.20) −4.45 <.001 1.45 7.74	(5.94) 1.60	(2.15) −4.20 <.001 1.37 7.54	(5.33) 1.00	(1.17) −5.02 <.001 1.69
YMRS 2.59	(3.47) 0.29	(0.59) −2.71 .01 0.92 2.64	(3.97) 0.86	(1.70) −1.65 .10 0.58 3.04	(3.75) 0.76	(1.52) −2.46 .02 0.80
Auditory	memory −0.36	(0.82) −0.22	(0.84) 0.62 .54 −0.17 −0.33	(0.86) 0.02	(1.06) 1.49 .14 −0.36 −0.27	(0.79) −0.05	(1.07) 1.00 .32 −0.23
Visual	memory −0.52	(1.17) 0.49	(1.10) 3.31 .001 −0.89 −0.23	(1.20) 0.61	(0.98) 2.72 .01 −0.77 0.19	(1.21) 1.14	(1.06) 3.02 .003 −0.84
Fine	motor −0.82	(1.02) 0.28	(0.78) 4.21 <.001 −1.21 −0.61	(1.10) 0.45	(0.91) 3.84 <.001 −1.05 −1.06	(1.16) 0.04	(0.93) 3.60 <.001 −1.04








































































illness,	 and	 number	 of	 lifetime	mood	 episodes	 (all	 from	 the	 baseline	
















3.3 | Latent growth curve modeling
The	 fit	 of	 the	 visual memory model	 was	 very	 good	 (CFI=0.974,	
χ2=13.592,	df=8,	χ2/df=1.699,	P=.093,	RMSEA=0.081).	According	to	
the	results	of	the	model,	age	was	negatively	associated	with	baseline	










suggest,	 education	was	 positively	 associated	with	 baseline	 auditory	
memory	score,	which	suggests	that	individuals	with	a	high	education	
level	had	a	higher	baseline	auditory	memory	 level.	Age,	gender,	and	
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     |  695RYAN et Al.
BD	were	not	associated	with	baseline	or	change	in	auditory	memory	
score.	 There	 was	 not	 any	 significant	 covariance	 between	 intercept	
and	 linear	 slope	of	auditory memory,	 suggesting	 that	 the	 rate	of	de-
cline	over	 time	 is	 independent	of	 the	 start	 point	 for	visual	memory	
(B=0.016,	SE=0.010,	P=.127).
The	fit	of	the	emotion processing model	was	very	good	(CFI=0.947,	
χ2=15.272,	 df=3,	 χ2/df=2.545,	 P=.018,	 RMSEA=0.046).	 Based	 on	
this	model,	 diagnosis	 (BD	 vs	HC)	was	 not	 significantly	 associated	









linear	 slope	 of	 emotion processing	 (B=−0.280,	 SE=0.054,	 P<.001),	
suggesting	that	individuals	who	start	with	better	emotion	process-
ing	would	be	at	risk	of	a	larger	decline	over	time	(Figure	1C).
The	 fine motor model	 also	 showed	 a	 very	 good	 fit	 (CFI=0.959,	
χ2=17.672,	df=7,	χ2/df=2.525,	P=.014,	RMSEA=0.051).	As	Figure	1D	
suggest,	BD	and	age	were	negatively	associated	and	education	was	
positively	 associated	 with	 the	 intercept	 of	 fine	 motor,	 suggesting	
a	 lower	 level	 of	 fine	motor	 at	 baseline	 among	older	 individuals	 and	
those	with	BD	compared	to	HCs.	Education	was	positively	associated	
with	baseline	fine	motor,	suggesting	individuals	with	higher	education	




















ing	earlier	work	using	 smaller	 samples.9-12,51	We	 found	a	 significant	
effect	of	age	on	visual	memory,	emotion	processing,	and	fine	motor	
dexterity	and	a	significant	effect	of	education	on	visual	and	auditory	
memory	 and	 fine	motor	 dexterity	 such	 that	 those	who	 are	 older	 at	













Age EducationGender BD Age EducationGender BD
Age EducationGender BD Age EducationGender BD
CFI= .974, Chi-square = 13.592, df = 8, Chi-square 
/df=1.699, Probability level = .093, RMSEA = 0.081
CFI= .982, Chi-square = 10.832, df= 8, Chi-square 
/df=1.354, Probability level = .211, RMSEA= .057
CFI= .947, Chi-square = 15.272, df = 3, Chi-square /df=2.545, 
Probability level .018, RMSEA = 0.046
CFI= .959, Chi-square = 17.672, df = 7, Chi-square /df=2.525, 
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normal	aging	is	associated	with	changes	in	processing	speed.	Our	find-
ings	indicate	that	this	continues	to	be	the	case,	regardless	of	having	
a	 BD	 diagnosis.	Most	 importantly,	 having	 a	 BD	 diagnosis	 does	 not	









is	 argued	 to	be	one	area	of	disease-	related	progressive	 change.	As	
this	 is	 a	 particular	 strength	 in	 the	 present	 study,	 especially	 when	
combined	with	our	prior	work	on	executive	functioning,	we	did	not	
capture	other	areas	 that	may	be	 less	commonly	affected	 in	psychi-













with.	 From	a	methodological	 perspective,	we	continue	 to	have	 too	















Consistent	with	 findings	 from	our	 longitudinal	cohort	study	 that	
showed	 individuals	with	BD	do	not	appear	 to	have	neurodegenera-
tion	 or	 age-	compounding	 effects	 upon	 executive	 functioning	 skills,	
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